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(57) Abstract : 

PROBLEM TO BE SOLVED: To obtain a film structure with a 
ferroelectric thin film having a relatively low dielectric 
constant, high residual polarization and low polarization 
reversal voltage and less liable to deterioration even after 
repeated polarization reversal by using a PbTi03-base compsn. 
contg. a specified rare earth element. 

SOLUTION: This ferroelectric thin film formed on a substrate 
contains Rl (Rl is one or more among Pr, Nd, Eu, Tb, Dy, Ho, 
Yb, Y, Sm, Gd and Er or these elements and La), Pb, Ti and O 
and has a perovskite type crystal structure and single (001) 
orientation or (001) orientation and (100) orientation. The 
atomic ratio of (Pb+Rl) to Ti is 0 . 8-1 . 3 and that of Pb to (Pb+Rl) 
is 0.5-0.99. This thin film is obtd. by carrying out vapor 
deposition using at least lead oxide and TiOx (l<x<1.9) as 
evaporating sources while introducing oxidizing gas into a 
reaction chamber when a ferroelectric thin film made of oxide 
contg. at least Pb and Ti is formed on a substrate by a multiple 
vapor deposition method. 
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(57) imm 

mm) mmmfftiMto^ , «b«-«j&«*s < . «■ 

[**¥«] J9He«>*±»5E*R» . Pb. Ti*£, 

tffcOS-MrU JSFFJtW ( P b + R„ )/Ti = 

0. 8-1. 3, Pb/(Pb+R D ) =0. 5-0. 
9 9£>Kffl(cA 0 , in?*** MUST* 0 , (00 

1 ) *-ei*re**a\ ( o o 1 ) Efldfc < 1 o o > a 

MKi* Si (10 0) aBLht£»jftt&£ fciWC 
**. ^<fc&Pb8J:imfc*trli«^fr6=Sr* 

1. 9) &mw mfcm'xmm%.mmmmxi% 



(5Dinta 6 m\m rmmm 
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amttfBRft'. Ri (Ri li. Pr^Nd.Eu.T 
b, Dy. Ho, Yb s Y, Sm > GdtiXXfErfrt, 

m&iM&%< 1 *> 1 mcr>^±mm ), Pb.Ti 

(Pb + Ri ) /Ti=0. 8-1. 3, 
Pb/(Pb + Ri )=0. 5~~0. 99 
»«HK*f). ^o:7X#-f h3tSAfl|&£*U (0 10 

o i ) JH-Eiarr**j&\ ( o o l ) iHisjt ( l o o ) 
[»*3S2 ] s i ( i o o ) ®£3iffi£ir-r6ai£<o 

HffljSft. 

[HHBB3] ffiRk, £<B*(U:*=»J*3*lfc3*BW 
ftslffilk MW*IH««trC*->T . 

^<9®!8«ft}f IIfflj£9«iM*<S i ( 1 0 0 ) 
U 

wmmmw, r* (ri «. Pr. Nd. eu, t. 20 

b, Dy> Ho, Yb, Y, Sm s Gd, ErfcilXL 
a*>£>iMlRS;h^&<kM«W#±!ll7c£) , P 
b x TifcMflCOfc-MTU Jl^Jt** 5 
(Pb + R 2 ) /Ti=0. 8-1. 3. 
Pb/ (Pb+R 2 ) =0. 5-0. 99 
O&Bfcft'). ^o7X;H hSttftfll&**U (0 

o i ) #-feifirt*>S!&\ (ooi) Efflk ( l o o ) 

Efok tfrltt i w?ft&HfiJ£ft. 
[18*314] »gk&f^ft&I£k^(c|gjiirF«» 

*RMru znwmiTmmhK ^n^*^ h& 30 
ftffifi**u nn&X'bh t m < 0 0 1 ) #-Er6j 
r* •) . ±u&x-tbh t &<i ( 1 0 0 ) m-sw-c** 

■WOT l~30^-«i*<)l!M«t*. 

«i#JJi7C^ ( S c&ZVY i-ktt) JCJ: 

Tft 5 fc * « ( 0 0 1 ) *-El*jrft 0 . .43rfiT*ft4 
k £fi ( 1 0 0 ) *.-BrtT*6iftJta l~303fH«6 40 

ft. 

ftzfcSBc* ( ScfcJ;tfY£-£tf) Oftft!ft*±i& 
#k L> jEtffti fcfct**HVCft & k S tit ( 0 0 1 ) # 
-EfiTft 0 . $3}&X'h& k # li ( 1 0 0 ) JH-Eft 
Tft£llf:£JS5<0lSfll&ft. 
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MSfl*i6**-U EtfftTft* fc Sli' (001)*- 
EfflT'ft 0 , A**"?** k »(i ( 1 0 0 ) *-E|ftrC 
ft 5 * fctt 6 cDHfiijift . 

Hf*B8] ^mft$MK&LT>5mttTifi»B?£ 

iW^HTFiKIR**. Pt. Ir.Os.R 
e. Pd. Rht5£VRuffi&%:<ti> 1«*»4>1*|££ 

S*utS€ttiM»)S-eft 0 . ESfJtVC&S k 
(001) #-EltrCft 0 . 4* B B B T'$>5 1 Stt ( 1 0 

ft. 

[ mm 9 ] 9mfl$HR$Bi<92i*fr < 1 *> 8 o %*> 

ffi#fcj3UT , 5 0 0nm-C-«0+*^*fflS R z 

#1 0nmfilTT'ftl.if«3Sl-8i0^i I il^c0Kfflit 
ft. 

[its* i o ] mmmmm i <o 6 oae?xja 

T* f Zr> Nb, Ta, H f fc«kt>'C eO^SK k 1 1 

mx-wkz tix »sn $a 1 - 9 *h v«u&»*>iHiat 

ft. 

[Usui 1 1 3 mm 1-10 w vwia^Mut* 
[is^s 1 2 ] n«9i 1-10 co^-m^comm 

immi3] £Wf<fctPbisJ:tXTi t*trlWk 
^*^^S^I?l«ft«KS:^7^»fetc«J: D WLLfc# 

jaw & l . mttm tLx&*<bt> mc&ts t vt 

iO, ( 1 SxS 1 . 9 ) BKktt^*x2r^«Jx 

{mm 1 4 1 msmfrt>m%tibi&&iKf-vc& 

Pb/T i =E(Pb/ii) . 

Pb/T i =F(Pb/ii) % 

E(Pb/ii) /F(Pb/ii) =1. 5~~3. 5 
k^rSI«*JHl 3^1Mft9HO^*a. 
imm 1 5 ] Kfttt^X k LTfKr < k i-gP^7 

«ft$ilSw»jS*«. 

[ff*^16 3 S«c?)iaKS:5 0 0'-7 0 0iCktT 
tlf*>ai7] Zr. Nb. Ta. HftJitfCeO 

^< k 1 1 «£^*-f&5!l3!mftHffia^J££*iS!« 

*jsi 3- 1 6<o^i^i*^5s^mft^)«^ssi*^. 
imm 1 8 ] 1-10 w^-ftifrnm&ft 

«Wtta«S*i4iB««l 3-1 7«)V^i*h*»tf)3ffll 
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[0001] 

'j. *««-k>^-. jiaawi. *m -yf-. oe i c 

(3fc ■ 18 ; PJttllH]S& : opto-electronic integrated cir 
cuits ) mrtbUVFrtM^ &&W4 N AFM (ffi 

[0002] 

lsi*«W*3*i-o**. 8W#^-«r**5l 

tatx-r 7toE i cmmmmx'b&tzit). mzm 
wmtrnwrnf-wmiii. wimz&bt>tix\'*. * 

Lxmizmfrtzmmfo^mm^mizti 

gk&S. 

[0003] 'J mgfcl/t. FET(7>y 

*^tiff8fflfi¥£fl*T«¥&f8. SDM93-136.ICD93- 

130, (1993-n) ,B^-s;ea^fe*i-cv^i J: 3 c 

fcliMo-O^. dc^TO^y-m. -Xt'J-fe 
A*£a-3IS!«*-¥IWtc (MFS) flBSk-Tiii: 

fttt-fciSflc-^NWIc (MF I S ) fitjaebSUIi^Jj- 

aawiic-iM-w**-*** (mfm i s> w&k 
•rt. zti^mmizx^x . mM&ittwmz-t 

■Oct'JlWtsfcStfifcfcfctt, 3WW*t+»<rSME 
0^#**>«t^{t*Hf^:^^. MF I saBtfcitfM 
FMI Sflfircii. WlWktlfilWtk^a^v^ 

[ 0 0 0 4 ] BRtftgRatiff k l/C , P b T 

i0 3 » PZT (PbZrOs -PbTi03 Jk) . P 
LZT (La! Os tfjfiflnSilfcPbZ rOa -PbT 



(3) !f$gfl¥l 0-1 7 394 

4 

iOs $) &fcV>«*lMI3lltfiJ:tfBii Ti 2 NbO 

[000 5] U6»U PZT^PLZTIi, WWW* 
kBW*6*l 0 0 0gJ8kiS<&.i>*:* , >. ±ISL/tMF 
I Sfgjt^MFM I Stt»£&tt*!llfmftItRfc UT 

m*tzm&* +»*MEtmttizbimi,\.\ 

[0006] P bT i O3 (4, -»^T«BW* 
i^t'lOOSKHTfc'teK. ±fc. 

io )V9m^r>mimxso}xZM bm^m^nbm 
o°ct«v\ **yffl&<oM?s«ft*mkL 

PbTiOs Ji. aERft-UtfteTfcBW 

*#5 0 0g£kffiV>. UpU PbTiOj SHIKfl: 

lxvftw Ab-ttmM&emht&i!k* 

*EEc#8 5KV/ai kJW*"*ik. «Z(C» *£fi:X 
Pjg^^«c^t't=J:0jiffi!^y-^* { 4t5^i:. « 
20 EC. «SEOE(cJ:«fl»Wtt, 9 31 L«rtt 

j&w< ,1000 nia§re*fkL-c 1 * o z t . -c* 
i. 

[0007] JJELfcMWMSft^B i ayKflftafflR 
&&. ISJHfcStfSfcftfc. iS«^j£+cDffig£:6 0 0 

x:y±izi>mi-&im*fmmz 6 o o-cw±-er-- 

^•f&^* 5 Jpn. J.Appl .Phys.31, (1992)3029. Jpn.J.Ap 
pl.Pbys.33, (1994)5244 , & itfBat.Res.Soc.Syrapo.Pr 
oc.243,(1993)473=5:ffc:^$itT^S. L*»U Pb 
30 fciVB i ^Jg*3«tUm^^-f<X(C*J^Ti>^ 

f*mm<. mvmm&s^xm&ixiB&ftii 

[0008] HRt. 3S0im*«f4i: Ltfta^rA^ 
JBH*£fca&*a*U\ *BJWf«4eJH£J:&*a« 

^**tefitittv *SW*xe^* ^yUfcWaiii 
• TV^S. ±£LfcMF I SffiMtMiMFM I SffljtfiO 

40 Tmffit* : evi l zm& i &iM&Bmi l z'i^xi>mm 
x\ x'%&mi^%m&iz%:^imftx.v?*~/v 
ivmx'foh^btmtixx^h. afm^stm 

4rk*orn-^fflv^TE«&ffd«* MF I 

wm&tix\^&. swniflcxt^^M'n'RtMF i 

50 e^4p^yHft*g**(MI*»*43&<. S^OkCl^* 
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■zmmztix^*^. 

[ooo9] zixixm^mrnmrnxa. 

[00 10] 

mmmG?s>mm#&im-?z>ztx-$>t>. t 

[00 1 1] 

ifm*m&t&iz.v#&m ±.mmn. tie ( i > 

-(18) OWf ft^ofl&fcC:.}: 9ill£3fl&. 

( 1 ) , £««Ltfc»J«3toSttKK}Mli: 20 
fe*t*iH«a*T»->'C. ttRCfKIKd'. Ri <R 

i li, Pr, Nd, Eu, Tb, Dy« Ho, Yb, 
Y, Sm, GdtoWE rfrt>Mmtlfi:'J?%<bi> 1 
»0*±»7E*) , Pb. Ti'ar&tfCO***TU 0 

(Pb + Ri )/Ti=0. 8—1. 3, 
Pb/(Pb+Ri )=0. 5—0. 99 
flfflfcfti). inW-f hMfS B a H «lji£:£U (0 
0 1 ) #HEHIT*&*», (001) Efli: (100) 
Kfii^£L£t<OT&&IBifltiIft. 30 

( 2 ) s i (ioo) gf£«Bftc*?«38attE*ifi 

fi«i(^^«(*jiJR* { »)S§a-cv^±s ( i ) mtm 

mm i (ioo) mwu afrom*. R2 

(R2 {2, Pr, Nd, Eu, Tb, Dy, Ho. Y 
b, Y, Sm, Gd. E r*><ktfL a#»£>3IiR$ti;t:^ 
^<fct)lS<7)#dbS7f;S) . Pb, Ti&£>tf£0£ 

40 

(Pb + R 2 )/Ti=0. 8-1. 3, 
Pb/(Pb + Rz ) =0. 5—0. 99 
O«HC*0. ^ny^*-f hSas«M3t**U (0 

o i ) #-ffiin]?*sa\ (ooi) mfak ( i o o ) 

ITU (001) #-E|SJT'S>0, 

4*AT*6 1 *Ji (10 0) JHErtlT*6iJE 
( 1 ) - ( 3 ) to\vftUW>mmfc. ■ 50 



fSgiH* 10-17394 

6 

( 5 ) mt%immmkcr>mz*m®z%i. z 

7C% ( S c fc J:tf Y**tf ) K J: 03fJgfl:*#ufeiMk^ 
;lcj->}A£±j&fl-i: U JEXikttzlim&Tbh k 
Sli(ooi) ♦-EAT*'}, i*at-J>5t^J± 
(ioo) #-Ei*rc**JbE ( i ) - ( 3 ) coBMfjt 

(6) >mmwb±mBtm3mR£-&*. <io*± 

JE* ( s c&XVYZ&te) 0IMim*3&t»k U £ 
*A*fctt#«*e*4fc *li (001) Jji-Kfi-Cfc 

o , ±n&xhh t sa ( i o o ) m-Krti'-cftijjE 
( 5 ) oi&iiiitt. 

( 7 ) *fflmmkmmtmmt<7)mzim&T®mj& 

JS£* U iE*ftT*6fc *tt (001) m-ffir&lT-*) 
0, jfcfr&T&Sfc&fci; (10 0) *-Brtr?**±E 
( 5 ) 4fcli ( 6 ) OMMttft. 

(8) MJW*«iKc*L'C*«ttT*BMifc*L. i 
OSSttTtKI&i!)*, Pt, Ir,Os,Re,Pd, 
RhfcJ:tfRutftf«fr< t fc l»K>llJ*3*ifclWtt 

fflWHwrarc* o , iEfrAT-* ft #ii ( o q i ) * 
-aisrc* o , ASft-e* h t * t* ( i o o ) m-Eisi 

T&SJiIE ( 1 ) - ( 7 ) ov^-fft*ORMS*. 

( 9 ) 3$18«{&l!8*iB^&< i t> 8 0 %oflltt£& 
Wt, «SiS*$5 0 0nmX-iO+^i¥^aSRz*U Onm 
jaTT**JJB ( 1 ) - ( 8 ) cOV^*^)|g«^. 

(10) 3£18mft*SJ8l+tf>T i 06 OMiWFtfZ 
r, Nb, Ta, H f feit^C ef)^5r< 1 t> lflTCK 
^^ixtt^ilE ( 1 ) - ( 9 ) Wvfft*><9jSflB& 

( 1 1 ) us ( i ) - do) n^-ftifiwmffimmn 

( 1 2 ) UE ( 1 ) - (10) <7)^-rtlfrcr>mffimm^ 
(13) ^< 1 1 P b*J itfT i «r-jrt«MI3IW»fefir 

dsxsi. 9) srfflv\ wutmxmmsufcm 
d4) aeBKcfefti&^iisjawM^itfc 

Pb/T i =E(Pb/ii) , 
Pb/T i =F(Pb/ii) , 
E(Pb/ii) /F(Pb/ii) =1. 5—3. 5 
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£*6jja (i3> cowmmmmMm. 

(15) Mfc&tixt lX'J?%<k i>-&miS*fri£ 
ItMtm^llK (13) ifcii (14) ^IMfrli 

d6) xKaag* 5 o o~7 o o°ct Lxmt&fr 
3±e (i3> ~ <i5) <n^ifotiwmm$mmm& 

(17) Zr. Nb, Ta. H f HiXfC eff)'J?%< k 
i> lS*£^69fea«fl$NRtf»l£3*i*-kE (13) 
~ (16) Otvfft*o3mf^®WKH&. 

( 1 8 ) ±E ( 1 ) ~ (10) ^?ft*^)Ifltlfttf>i! 
»fc»B3*i*±K (13) ~ (17) c7)^-fn*H03$^S 

COO 12] 

T\ PbTiOa ^^cm5eo#:t3K5g£®jiiLfc 

i<5D£fflV>6„ PbTiOa »i. * 
BEEc*W-y*ii:. SHIfc 'J -7 * 

[0013] %±mxmzm%itmxp b 

TUlfifcU:. sWBBSfefci^NWfcft^t 

cooi4] jyfrwwi. *mx'imimm®b i 

mnmmik lx l aawo^ . 
[0015] m~<r>imfctnfmmmM§mz. < o 
o i ) m-iEisrc&SK (ooi) si*ifc (ioo) 

[00 1 6] %t5. »BH l 7-94 6 0 8*&«fc:tt» 

p bfc «tt/T i fr^triBHUUiBmfmm:, m-m 

jWEKSfiTOS. R&MoSEttffl-cli, S i ( 1 1 
0 ) Mfchfcxn -jr^fcJ: 93B!CftiIK*£ftL-tti 

^'^^-yyhtll Y 2 0 3 2r-^tfPbTi 

jjasiwisistf-r. mmizft^mizz^x^z 

-5 T L * d . H&*M)*itWTtt . ftmKmz £ h ft 
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-f&;b*>, #KK^M9£U: J: 

«KctJ^T^ffRKt: J: iSCW/hS < ®% 
toWtt. V *:*>fc:4rtBRfifc J: 9 4 1 * Jtyj tf'hS 
<^-?t;t(cgH-fl.i:#jl^ii&. 33B#ffft»t/h 

[00 17] S-^»fi|-Cffl^SSm^^fiGd 

10 2 0 2 0 3 9*WMWclEtt5*VO*. I^^ffi-Cti, B 
>M k &4M k tfltfl tfc±fc!WW*Mi t J»R 

cvom. s />v- y>um^ u—r-ryu-is-sy 

m/Wf MvCSO. mMk LXViV ■ y;W&W8SH 
[ o 0 1 8 ] &tz, *-*>jwreflj^4 E r ilSJO tfc 

20 ^^yl2v>3Vl!l8^c0KiS«(**t^i, #g»¥7- 
7 37 32-«MMItB«**i-C^*. L*»L. H&*C 

V/l' • ^l«Ttt, H-05JHWfc:tilt*± 
[0019] mZcOffi«TW, 9tmiff«nR««A$il 

ssisk ut. 3imfMlRfflko«iei«ts'i ( l o o ) 

(Pb, La) TiOs ]MKi. Si ( 1 0 0 ) WBLt 

30 izmis. y - ^ < . * fc , 

Ec ^JiJfMgO (100>atttC» 

•5 . «rojm»Tiis i (ioo) wfczm 
ft*. 

[0020] SI30j$«?TfflV>l> L a £ ffihl Lfcf-^ V 

B»65 9-138 0 0 4^«. H6 0-1 7 2 103 
•f^. H6 2-2 5 20 0 5#4MIL 2-2 5 2 
40 0 0 H4-1 9 974 5-9^«. #^F3- 

3 5 24 9-94«KrifWE«8*iTV^. 

[00213 zhwmizmztiK%mvm®co 
%Mzit. ( o o i ) ffimk ( i o o > mint tfm&t 

-tdOJWtoidfcs i (100)* 
TMgO ( 100) S«5rfflOTV>l.. MgO ( 10 

o ) st&fflns ktt$m®mz±Miw.fti>) i miLX'Z h 

M gOtiS i J: 0 &)KiKlffSiKA:»^«K>. ^« 

ttesad: T«Mais*i*iRC!WW«5»iiifc** «r*e* 

50 ZtUz£*)V-7mi<Z<%^XL£5. 
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Mgo ( i o o ) x&*m^i&&iz}timn* 

SOL M g oaHK-LWK 3 0 On«fgjg<038U$lft?I®i 

[00 2 2] ±E&«0$t>»flH I 4-19974 5-» 
»2H0XtlH»Hfc*$*i*J:*t£* La 

mnri-?>m&mzs i < 1 o o ) ms±tzmix 

{±(100). (110). ( 1 1 1 ) 
-^LfrBft&Jrf. (OOlJlflimtotv* 
ft*. Si (10 0) fflKJiC (001) El^lOL 

[ 0 0 2 3 ] P b jRomffim* «IMW-&«&. P 

b W^rUEj^TC^t Jt«E LTgV*so-C«JS-fft.£jg 
£L*»*-<, PbgcOfJ»«L^„ £*l4"CPb*05 
5fflm*WW"Cli. fflj£-m#&<. JOJWMHCjfiv* 

wnLn.. i«*ff«i. Pb^wrowK. ee&s- 
o^ft. mit^mmm i mmt . §<b£. s is 

^ XJfiflLkSbTSMttre* & . * P b T i 0 3 

-c. f e ™y- h tafflw**ffl v ifcaBg«>^ * y e 

[0024] 

mm. tttttTFttHR. it»«Mc»RnJ6?mil3ft.-C 
nS^fcattOIFiLn. ifc. SttfTFJtill&Kft 

<. as. testis, WTWI, ^mttT«^ 
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TBttfcBWI**. 

[0025] <3imi4^>*9^RiififM«rf 

&&l^#&§l<7)fflj£«. PbTiOs lfflgLKffi&> 

T> Ri tiXtSRz SrRn fclHW*. 

[00 26] Rn «. PbTiOs ttTflMESfLftS* 
^o^^^ hfcffl**-*Pbi»JlU & 

*£S3BiF£6. PbTiOs 14. af4: 3. 9 04A 

. ctt: 4. 1 5 2A cOIE^iFaSO^nTXiM Nft 

io mx'$><o. cm%Mz-ftm&£&'3. zffmsagm. 

ft**E(Ec> fcffiTStf*£fc -3u R 

n mtHid&eex. ce-ot PbTio 3 
[0027] !*R«ttm*0>7catoHff(2. 

(Pb + R„ ) /Ti =0. 8~1. 3. 
20 Pb/(Pb+R„ )=0. 5-0. 99 
Tiby. ff£L<l4 

(Pb + R„ ) /Ti =0. 9~1 . 2, 
Pb/(Pb+R„ ) =0. 7-0. 97 
Tft*. (Pb + R D ) /T i ^/J^-trS t^fattO 
artWWfeWBM^fc 1 ). (Pb+R„ ) /Titf*# 

b mtsmmnmmmmiztc^x ito.t 

. fc. (Pb + R n ) /TiS-JJEefflfc-fSifclCj; 
0. jaf*Rt!Btta t »£:h.*. Pb/ (Pb+Rn ) 
b , < ^-'T L i o b m 

30 t3W*fcl00 0ULhi:*S< ! fl:->TL49.-*. 
Pb/ (Pb + R n ) 4«*#-nr*t. «JjeBR«jJS 

/ (Pb+R„ ) *±wmb+izbtt* ftimm 

^zmX'th. Pb. Tifeil^Rn <0^^l±. s 

[00 28] f-^yKIS{±. HRCPb : Ti : 0 = 
1:1: 3 «Wf«4«airt* R» ^SSfc 
i i o TiSScoit^iM^ 9 . 3Mt* 2 . 7- 
40 3. 3SKT*4. 

[0029] 3SPS*^fii±. ^.nrx^-f htSJUffii 
^L. '>^r<kt, (001) ElSj^-tS-t^'iff* 
U». (001) Bft-Ctt, <0 0 1 >tt#^^««^i 

mmn-ftftizmmx-h*) . mvxm h%?y&&® 

jSSrlfoP bT i 0 3 jKHfiOHttVftiK 0 0 1 >*& 
XHft>tlh<r)X\ (001) B^Kffil^Kc^ffTftS 
(001) m-Erttfl-C** i k *«i Off* L< . 

^tffi lv>. fc*£U (ioo) 

50 mmzTftX-hZ < 1 00 ) Sl&uyfiaLTfcJ:^. 
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( 1 0 0) Bl<MSAU:9 0* ¥*4y*fflL-t&ZkiP 
ZZmmizl&^W £tz. 90° VMJyZB&L 

-mmttt. a*. ( i o o > / ( o o i ) **3HT 

[00 30] Si (100)SK£flJv*4*6*5ifiR11 10 

fl^Kt s i m&.tcom iwmxQMmi. ar 

-f MffiinililSfMVR^ (001) #-fi|firra*i§ 

^oyx*>f K[100]//Si [0 10]T* 
i. ifc. imttttSKP (001) ffififc (100) 
BmfcjJratftUifcWCa**^ ^o/x*^f h (0 
0 1 ) IMttftfcovvCI**n:/X;&>f J- [ 1 0 0 ] // 
Si [0 10] ^DT'.XjM ]- < 1 00) Efl 

ISftfcov^Tytta^x^-f h [ 0 0 1 ] //S i [01 

0 ] ^r*>*>. 9IR«fMilR2: S iW8Lk\i. 20 
Sl*l(c#ittSi!lliI±i,¥ff-C-fcS^i:*<»i: U>. 

[ 0 0 3 13 3rJs. *WMWctJ»t**HEWR4:tt. 

to ic mtt&ttam&z b~>X^Z> &A 
-^xiiiawf (xrd ) f ( o o l) mimcomtfLfg 

*>\ ( 0 0 L) fflR|f*)ft*e-*5MW> i 0%&T. 

lvC(0 0LH± s ( 0 0 1 ) * ( 0 0 2 ) SrifOfSHlS 
! OrlBfc»Hif*-*«ST* 1 ), (LOO) ^rt'Cont i> 30 

[00 3 2] *B^JfflS(ct5V^-Cxt^^W;Hl 
tli. JB?Ml*j£rX-Yffli: L. mUfaZZmk Lfcfc 

Ertl/O*fc0>T»6. JWWWcMU S-K, XH0 

0XJ3LT. #4L<<i5%OTT'£6£g#J>&. Mi 
tf. (001) xe^Jfv-wH. -f&;b^c®xtr? 
^Sz-r/UfWi. JR*>2 0-0Xt«llifT (00L) ffi 40 
mot-?3&*#. ( 0 0 L) ffiOfcJce-^gcO 

1 OWK #*L<tt5WT?»*. ilt> RH 

e e Dm&T'xxv h ttiitx b v—rw-vzm- 

JWRfc^ii. RHEEDfcfi. %MMm&=F& 
EJJr (Reflction High Energy Electron Diffraction) 
T* 1 ). RHEEDWWi, KBrtC^tt&tSAtt^fi 

[0033] ^IS«MI^*^T i <7)-mi. Zr.N 
b. Ta. Hf )5£tfCe<ryJ?%<tl> lST-B^ft 50 
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OK^eiTCft^ifcjWfiU^. Kf»*W#*S 
&i5. Ti>WI»3flTH4*&. JJEUfc (Pb+R 

[0034] <3HE>3«EHfCffln*fflR<o«fH4«t: 

#*L<ttSUWSA*ffli*4. SC. SiJUSA 
<?) ( 1 0 0 ) B»*«3OTfcfca J: 3fcJBv*fc*£. 1* 

?#4U>. MitfMgOam^KKSfliftUS i t- 
SitttttWfcWrcfc*. 

[0035] <ttfkttTiim>»R j:S»t««l4ni2: 
OlBlcii. WtffFilIWIMUt*£fc*W4Ut. tt 

[00363 f&j*ttTtfif»^ii, ^oyx^^f hite^fS 
Jg^*-f-5. ^a7x*J hWtmt. ftflc*AB08 
T^SiiS. AfcJ:tfB{i#«HH;i-V*« 
■f. AkLTCa. Ba, Sr. Pb s 

K s Na, Li. Lafe«J:l^Cd*»4>jatrtL!tiaJjl 
±. mzBa£t:iZSri)<mi<. BkLTTi. Z 
r. TatiJ:VNb*»fe«f*Utl«lSU:. WfcTijftt 
ff*U^. WJ-C<±, lgSieTtt!!?ilS{±^ 

[oo37];3 iti^vyzm m^mizm?> 

B^JtA/Btt. #4L«40. 8-1. 3. irOff^ 
L<{±0. 9-1. 2T*>S. A/B^'0. 8*St-C{4 

temmLmmtrnt)^ tt 9 . 4 * a/b# 1 . 3 
mt&tmmmmcoBiiiLimmi.zZ'iXLt?. a 

/B(7)fiB£ifc(i. ««Xtt»*fffi*»6*»4vli:**T* 
5„ ABOs (cfc(tsoofit£<i. 3tEB^$iiSt«?) 

t)*S<0T. ABOx tfcV^r. xfi0fi(i2. 7~3. 
3T?>&C:k*>mLO„ 

[0038] $fi®ttT«!?f ffitii. iEfirfif* 4 k * tt 
(001) #-iH|6], t-^*>««|gBgk WtcffiAJ 
LfttOT* 5 i fc L < . inbSkx-h 
I k £l± ( 1 0 0 ) m-Eft. -fTSrij^^K^kTtf 
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fcaH*«*-t:Ei*i Uzi>coX'h& a k tfWt L < . ^ 
-ftwWi^T' t> x tr ? P \ >mx'& & z k X ") m 
U\ ite. ^SttTtfiSJKt Si (10 0) Wfotcn 
®&K®mm±. IE2nP H [ 1 0 0 ] //S i [ 0 1 0 ] 4 
tz\titfi& [0 1 0] //S i [0 10] TftSifc^i? 

[0039] fiJSttTffi^lfi. MF I SffljS^M FM 

i smmzm&mmt Lxi>mmt&. 
[0040] <mm&Ti&m®>msLt mfmmmt 

nskL-cmm-z. 

[0041] mn&Ttmmtt&mfrt>®fczti& 20 
vmimx-b^x t ± < . &mmtm{tmmt *m l 

tzffif&tLXhZ.^. IMkLXli. Pt, I r. O 

Re. Pd s RhfeJ:^Ru«7)^<i:i,lS5:-ii- 
^S&JWM>£&*>m U\ I n £-&tf&rt;ftlfc 
Jtag«te"<o:/X;>M hMimtlXli. Ml\f. I 
n 2 O3 . I m O3 (Snh'-r) . (R, Sr ) C 
0O3 N (R, Sr, Ca) RuOs . (R, Sr ) R 
uOs . SrRuOs , (R, Sr) MnOs , 4£(± 

zti^m&it^wm u\ mmtismizt} 30 

RliScfcJ:tA r £-#-tJ#±^^T-S>6. 
[0042] ««ttT«JS«tfi^eTtf!Sil«t HOS 
fc. iE* B a H TJb& fc £Ji ( 0 0 1 ) J^-lEft. ;fcfr B B B T 
&&fc£fi (1 00) #-Eiaj-CJ)&ii:^»tL.<. 

£ U>. ^«ttTffiHSt Si (10 0) £«fc 
<^ftM««tt. IE#A[ioo]//Si [010] 
imt±lrik [ 0 1 0 ] //S i [010] i# 

H±#WC*4 i £ U V, 40 

[0043] swFFtma. xnmmt 1 

0-^10-^cmX'htZb¥mU\ tfc. wmt 

LXnittSfflil 0-5-1 O-iQanX'h&^tiWtl 
TWCt>J:u. 50 



JftgfWl 0-17394 

1 4 

[0044] <*rasia>aigt smftiMfeoiaK: 
a. *matmifism > ti&zkii t #*L\\ mmrm 

SSBWSfWIik^tfiaWS - fcSri . +BRfK 

#±3Hi!Mt«a8IRi:*»4>flWtS*L6. =Sr*s. *±»g 
ftflfiHHRa. jttk^a-^SiWRtaillWMW 
fciaHtRftWii. MFMI sffi&*M 

f i sm&Eisv&wjH*bixmtt&. 

I 0 0 4 5 1 i&K^3-^Aj£5IBg 

«±SBaf (Sc*Jii^Y**tr) *cj:"53c 

4 fc . £ «^±. f - ^ 'J ^ 4 ST« 

[0046] Kfkv/Wn^^Ais kX/gfefti/J^-T 
Zn-x R, (RtiS ci>it>'Y £-£tfft± 

STBg-C*) 1 ). x=0~0. 75. * = 0~0. 5XS> 
&) X-miZil&miCDitCWWtUK xHiLl/dtZ 

ov^ra. f^rs. Rtura. p r , ce % Nd. 
[0047] iM^3=?^*»»i. m-o^fBie 

TiiaR^SSiWfWRox t ^ * v-ir ;WS**opniE 
(001) *-H|6L i*f B T'*>Si:5tt 

(ioo) m-ffiifejT'fesifc^SFH l< , ^nxe>%, 

£X'i>tt?*i'*>\smX'b&ZbtfJ:<QmL\ / \ Z 

[0048] si ( i o o ) gst^ac:. *mm(z 

n-, Ri 02- ^) fcitffStittTtftjSBI (BaTiO 

II BaTiOa (001) //Z n-i Ri O2- S ( 0 
0 1 ) //S i (10 0), ij*OB a T i O3 [100] 
//Zn-, Ri 0 2 -^ [100] //Si [0 10]T*> 

K* i ^ H H B -c*i»^Tfe, mmzti^xmn^^fr 
x-hhzk ##& kuofiximmx't) & . 

[0049] YBC0^t'£7)fi£*W^c^iltTa, ( 0 0 
1) ffilSKOBaTiOs x.\:9*i/-*)Vffl:%iL 5 k~t 
6 k , -e^jgEP B *fiW^«±, BaTiOs (001)// 
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Zn-, Ri Oi- d (001 ) //Si (100K fro 
BaTiOs [110]//Zn-, R. O 2 -5[10 
0]//Si [0 10] t%*). BaTiOs <7)#ftfe? 
tt. Zn-, Ri 0»-»«Wffc»LTciSrt-C4 5* 

(00 1)//Zri-, Ri Oi-ff (00 1) //Si (1 
0 0) . * J oBaTi03 [100]//Zn-. Ri O 

z-s [ioo] //si [oio] «PKS"CS!Jft B rirc* 10 

10050]^^- a«c7)t&fgm«i. Zn-i R 
, Oi-»ltCtt0. 5 2t*'5.. BaTiOs JRCtt 
0- 4 0t*i#. 4 5' ffirt-CEWELtttflS^i"* 
BaTi03 [110]//Zn-» Ri Ot-tf[10 
0]//Si [0 10]<0WeST{±5X7^-yh* s 8. 4 
Xfcfc*. *5WifcJ:*« : F**W*BaT 
iOa [100]//Zn-. Ri Oi-* [100]//S 
i [0 10] til BaTiOs fefl^altZn-i 
R, Oi-ffttiilOaffifctt. Hfttirrfc*^*'**^ 20 
U Zn-i R« 02-S3t& r f (0. 52X3 

= 1.56 [nm] ) fcttU BaTiOs 4*g? ( 0 . 
4X4 = 1 . 6 0 [nm] ) tm&th. -Wfcl*. $x 
7-fyH±2. 6%fc±<"7 -yf-V^fc. Lfc*»o 
T *HWCU;. BaTiOs [100]//Zn-. R 

, oi- a [ i oo ] //s i [oio] »BMR6«ffl-ts 

ifcKi 1 ). (0 0 1 ) EtoWXtr* 5 * i'^rrt'BaTi 
03 Wfcft*£ 

[ 0 0 5 1 ] Z r o 2 tiKiaa^SKMt-Ci^A-* 

Tft*. Zn-i Ri Ot- smffiMtltxMBBtto 
fftf-fi. Jpn . J. AppI. Phys. 27 (8)L1404-U405 (1 
988)C:$fi#**#VCV^J:'5C xifiO. 2*gtT&Sfi 

Wi. idTA-Cttft** 1 . «itf (ioo) *-fifoii 
n&tvf , (in) aini^eft^SA'ts. e 

^AifcaJWhftk^llWrJl. J. AppI. Phys. 58 4( 
(6) 2407-2409 < 1985)11 i3^4>iVt^ Si #<fc 

[0052] Lfc*«o-C> ISftEl*W>j£a»fett, Z r 
i-x Ri O»-*fc*$WCx«i0. 2-0. 75?hlZ 
kmtU\ x«J:9ff4U>WlliO. 2-0. 5 

[00531 jaeft^a-TiWrifeiiSbdKi. s 5 
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£0. 5 2nm<7)Zri-i Rx 0 2 -cttt, R#Y-C£>>D. 
x*<0. 3<Oi>OT*>6. R<0«aS:fflSUfc^*xS 

x.{fY£#;t-CPr£fflvv&fc, ^jegtS: *£<-t6 
£ k3&W?* 9 . IMW£TifiIMt0>B a T i 03 ISA 

[ 0 0 54 ] <r*s. IMSWB****^!^^ 3 ^ 
Ai±, fl^ZrOj'-C&fcSflS* 4 . #±«7t*£8S 

-tfeit/fffga^OKS^ft^fcU Zn-, R 
[0055] Zn-i R« O2- SCJjV^x^O . 2* 

rWlk$* { 9 3mol2S:Sil.iS«seK«0«^iS-C'{4, ±3* 
LfcJ:3C*SAtt#SfffcU*^ m%m 

rags*. m»rssBt*^5Sffl^- fctcJ: ^^ 

k&9. m&l&ftZ^'&^&Z.ktfbfr-oti. 
WWP>Z r Oj Kfcli. OTsae^* J 3 u ■/ 

[0056] ®mm<ffi&7mwzmfhz mm 

^-ijf^^jt (MI Sfg)S) fcfe^tZrOi Srffi^ 
*kLTjav^«^. YSZ (Y5R6fl:^3-r) 

'J ^A«*< J 5:S WC, M I SSg^-i: LTUffl^tt* 5 * 

mmk^m-mmm^^ owt-t&B*** 

Zr02 »«K»KJ:')«WS*i*ikt> Zr ° 2 0 
WRW«36 { ^ s Srv^i:l:3W#i^S. YSZJiffl^ 

) LTV^fcftCW^Pft&^VV 4fc, MFMISWit 
^MF I S»t5Vtt> tmfok LTZ r0 2 J^ffl 

[0 0 57] Ufcj&^T. JSHff^rlfiftttfi-kl^HBtt* 1 

mom J:9ff4U<tt9 5iolZKU:, $tfc«F4K 
U98»lZ£Ui. *fc*F4L<«i9 9. 5»lZJa±T* 
0 4. WW3j:^Zrfe*<«lftiC«±. *±*t 
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i: CI b 9 9 . 9 9 BDlZgflrCfc*. £ . 3I£cO«ti£Jg 
fldSffTHtZrOi i:Hf0 2 fcO$M»i«U*?>T. 
ZrOz jiff. Zr+Hfm&KSrfgLT 

fct Hf tZrt^|Sl7C*t^LT»tfJ$fl^:ffiT-S) 

Hfo 2 iz^mizmmfciti^-VAm 

[00 5 8] Sfc, *lflJtR*»jft-*-**£. +131311 

ran ft 2*«a< ( mi ar 5 ibbkeit > wts^T s 

[00 5 9]S±SS£Hiai 
±EU:J:3fc, +IBBWii: UTJJELfcfeS'fty/Ua 

i o o 6 o i mmMt^smtiM&fr?- 

HX'it (001) #-fiflfi» (100) *-H[6W>K*« 
JBSTS-f . SdSFftO (111) Efi?)jgfc3:->T L4 

[006 1]ftijraHUi^nRB. Y. La, Ce. 

Pr, Nd s Sm, Eu, Gd. Tb, Dy, Ho s E 
r.Tm, Ybt$£VLu<?yJ?%:<ki> IS- C 
e s Pr, Nd, Gd, Tb s Dy s HofcitfErtf) 

j*§*lTH*£fc*<»*U*. 2«l2Lh«>*:fca 

[0062] «iJ9iimMniuqw$nT^e* 

Zr SfcttB^Cit****. i 

d 4: fc J: 9. UMtS^a-* 

[ o o 6 3 1 &*> . ft±mmjmmzmm-z>%± 
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• [0 064]i6ft^3^z k *gBHtjJ:tf*±SaMk 

U 'J -7 S-fflltt-* ifcifCS*. ifc, Alfeii; 
Si 14, R»fi£»fc|6|±S*6SWfc6***. Sfcfc. 
Mn. Fe. Co, N i %b'e>lB&&mfcMlt. JS+tC 
*JV^TW*tJ:4iW4 (h?v7lWft) 

[oo65] <m®e)&m, mmxvmz>T 
[0066] MtogAttii. xrd ( xmm) iz& 

fr*^e-?ony*y^-7WIMWK\ RHE 

$DttMt. RHEEGflMWHJ-^tt. fcJ^AFM 
20 U:£iBB3 ( $ ) TflKS ZbtfX 

[0067] fttttCTiim. WWfFifilMtfc J:tf4» 
ISBHgOt&atttt. X«B«f(=j:£ (002) M^SSt 

^o./jfy^-yo^fifiiU. 5 0* jaTk<r&t> 

+BBH«=oViT. AFMtiDJSSISRz (+.£¥ 
• i^BS. S«S5 0 0nm) fcflSLfcfcS. 2n«JilT 
tJKiWiK, 0. 6 0niniyTT-J>6dk/!i\J: 
0»1LV\ gmteT«!8§IO±fBRz{i, 10 

Sii. #SJS<7)*ffiOif^L<(±8 0%tUi. J:0ff4 
L«±9 0XfiLh. 3£fcff*L<tt9 5%Ellrf>IBW 

lOcni <7)mR£®lzfrfz-,X&mmBf8.Lt:tZ 

[0068] u^yy^-y^mmnxt/Rz^T 
mm±mz%<. ^yaztnuw. m&tz 

6.n^ > /#-7<D¥ffli<0TI!BttJ± 0 . 4 ' 8 
40 « s ^P*^ 5 0 0nm-C<7)+£¥%ffl3 R z £7)TPifi(i 
0. lOnntgSfftl). 

[0069] 4fc, RHEED&*<XMWC£>-> 

[0070] *e^itTWi^at$«ffl^t J: on* 

0, HK{=»4L<<i5~5 0 0niB, j;'9ff4L<(±5 

^Sa^li: LTmv^S^-<0JS$(±, 5 0~5 0 0nng 
50 Ktr*Sik*«#4LV^ 
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[0071] «ttT«SW*>»S fcJBfcC J: 9 
0, HRt#*L<145~5 0 0nm. J: 0}if£ L<ti5 
0~1 5 OmHKT*** 1 . saMfcBJtmHtt**** 
**l4v«KC?iV^i:4«ff4U\ *«ttTtt»R* 
«Mi:LrWKS***&fctt. W3£50~500 

[0072] ^mmm s t>ra*ci on* 1 ?. -« 

C#*L<tt5~5 0 0m, J:MF*L<li 10-5 0 
-&CDJ¥Sl±, 5 0~5 0 0nngg'C*)Sit* { #*L' 

[0073] 3S^«f^li^ie?r-hl£i: R«fc A F MC 

u<moniaT. io»4t<«:5iiMerFr»4. r 

fi^(ci £ M£ tfc co^filit'-/ 
[0074] <%=tf^ x>^m<nW^WAi. ¥ 

h t lt«(ks#i. *nm* * y ww** 

[0075] <E«HE*>*38fi* | 5RMSetW*' AFM 
^>stm (^ifflby+iWWWI) ^fc'Wo-y^i 

A F MSfaTu-rfc <t OSIiWfftfcSMkSff ? 
tt. W*WBfillB6 3-19334 9*4fc«fcB«3*>. 

(cut, 

Mint. rn-ycto***-*. a««* 

SI8^BEW»J^J:9IEfi«*«lil!WfflBt6. E*^ 

i«jrt-4 i k c i o . tent' h twmh - t 



[ 0 0 7 6 1 £8. d*EIKI****«ffl**i 
i«WW)ifflBatWl. FMI s«j&£*:JiF I sflfg 

[ 0 0 7 7 ] ttz. WJWttMWS i »U:tc»*3 
10 JIJU ¥*£#T'J>£S i «Bt*KIS*i^«fft± 9£ 

20 [ 0 0 7 8 ] 4*. i«E«S**»"PU. F I S«jf 

[0 0 79] AFM^STMIl, (f^V<Jt-O^M«g$r 
Wfl>. WW*W4*KRI3Mb6»l OOnsOT 

»5:t«t*st». «itf l o o*tfVv 

30 [0080] <3MJWfMWK«BKrffi>*fc. *» H -B 
[00811 ^. *»!»«Bat36***llrt"* 

3 cGdtii^Lfcajirc»ePGTiiRfc«fcjpfT 
[0082] i jesdf^rp^wt^Jifc 

40 2t«W4*'W r 3*«aS*l , CO*. -«*^ 3 

[0083] H*1£S 1 tt. Kfttt^Xttl&ga7 Sriii 
□ 8tt. ±B*;i'r3«e<T*rt=SlS*Ltv^. - 

50 tt. PbO^^S9. TiOi m%&10i5tlrtH±M 
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a, mmnmm) mmtix^z. 
[oo84] mssmt ixmim (Pbo&mm 

io, fcffl^ss&i, nmzmm i is^frt>T'& 

£>. TiO, *>»b")fcTi*JflVtf:*&» TiliPb 
OJrDM&feSft/H-lrtfrf). PbOttTifciflSt* 
teh.TPbfc*iJ, i*uWPK»UTL*5«>TaP*t 

[00 8 5] TiO, fcfcftixtt. #£L<li 
1Sx<1. 9, i'5ff*U«±l^x<l. 8, 2b 
KfFiKttl. 5£x£l. 7 5.»tff4L<tt 
1. 66^x^1. 7 5T*5. CltfDio&TiO, Ji 

-OD£Sfc*£»fi?i^£ftiiiL&#S>T i o, ^ 
iSHfcl/t*><fc*>. K£»l%Dffi:fj£»a { *#<& 

1 0 0 8 6 ] £ -f . JJEsM^fcUHR* * ■/ h-tS . £ 

S i #« B B B co (10 0) MZWfamWizKZ X o fcjflu 
WML ^«ttT*5?IS=5:if2r^jSL^m^ B «i&S« 

[0087] *m<r>$immxu. ^mmmm 

±t»*f* £ i: 4 . £*ifc J: 0 . 381Sl#?lffi? 

Ufittftfc^^. 8tt?tt4 0 Ocrf gJgT'&l.. 
:(ftO¥gflC>"n-feXte2-8'f Vf-WS i >>x;\- s ^ 

[0088] fcfc, a*££H£4>TUiaU PbO, T 

[0 0 8 9] Mfciggli. 5 0 0— 7 0 0T\ ft£5 5 
0— 6 5 0*Cfc-f&£i:# ! #2U\ 5 0 0*C?fcj?tT£ 
St. ^attoSv^mSK* 5 #^iiC<u. 7 0 
ox:SjBi*t, m&b&ms i*b#5U6U IS 
JMfeo»»5ttW«klftW»fe*ifc<v^ ifc. Pt**> 
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Ptfc<0Rl6*«£tTL*3. 

[0090] jjawnfey^k Ltti. ox. *y>. 

KflttWB» N0 2 . ^rtJHWMPfcffloiii:* 1 ? 

[009 1 ] ZZX'it. ECRg»J:47i''*;H! 
[0092] KS#yrC«lttWKjeatl*!*«Slt«r 

1 0-3-1 O-^orrm&X'bZZbiW 
* U\ &»#Etf)±|5B£ 1 O-'Torrfc Lfc^tt, X£ 

£-?<6fcJ:<:. iWiJ: 9^&vvtfxgAfiT«£_t 

20 COgfrJHil 0-*~l 0- 6 Torr<OffiV^E*(C^T-5TV>|.. 
IHMf.*tf>«lfclli. 2-50cc/fl\ #*L<li5~ 
2 5cc/#?*>i>. ttS#XOikX0tlftft(i. «2»?> 

sat, rttyremm&tnmwmzxv&i&n 

x\ bt>fri#>m%zm!;M.£$i#>xn<. 

[0093] ftHftStt. *Ftf-A3PC**LTi«5» 
3HEfc«IWft. fiSJB&gfi. #^L<«iO. 0 
5—1. OOnm/s. t t0ff^L<JiO. 10 0-0. 5 
' 0 0na/sTJ>6 . fflgBmtmf S"* kfigJiaS^-^ 

30 fig)sas*^-rrst. «A$n«iiii(^ttAtt«< 

[0094] TiO, *J«ktfGdtt. «lftLfcHHr^» 

* 5 »Lh{c«*-ri»PGTte 8 B B{ci2oaii^s^r. i 
mi-m&Mzftfeuzm<?>MmgccmuLizm 

(MtUfJ:^. PbOtt3ISffiWSvv5Tffl« 

Kf4»fe*lTv^v». ClOPbOi0#ttS: 
aKSMfl! L . P b 0^2l*^«oa«[^tt*&AtfcS: . 
40 m§iT.SPGTKte H |(Cfc(t&Jt^C*fL)®P l Jt-r 
*. JMWt»<0*^V»l4. JK»9!^mft$^Pb2: 
Ti fcOMfflt 
Pb/Ti =E(?b/ii) . 

t . il^*!M#:SM<?DfflBetfc(t& P b fc T i 

Pb/Ti =F(Pb/ri) . 
bnffl&tf. 

E(Pb/Ti) /F(Pb/Ii) =1. 5 — 3. 5. 

50 E(Pb/Ti) /F(Pb/ii) =1. 7—2. 5. 
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E(Pb/Ti) /FtPb/ii) =1. 9~2. 3 

MIRMaBa&afifc^P b Oli««*ffl?TO& U 
atKJhttt^D^x*^ h«310>PGTK£»WW£t" 
izkiz&t. EtPb/ii) /F(Pb/ii) 
ks K+fcPbfc-HMcWM-fciktfWk* 1 ), * 

( p b + r„ )/Ti *>j**>ws< £ o-trrn* 

(Pb/ii) /F(Pb/ii) 4«**-f«k,iW'»(Pb+ 10 
r„ ) /Ti <=SrW'T. ^u7x#4 
Maoffitflfi^P b 'J -jr-f-ffitfaSRU ^ot/x^M V- 

[0095] OmmUzi. 3 fc. P b OfcitfT i O 

^kfcJr 1 ), PbcoiS^fi^VWXh^^^bU 
<DPGT^ B * { ««±^e^^Wt«^tl.. 

iwktmmmirmx'h o . tsftttwsfeta^ 20 

[0096] fKffilffl** 5 1 0cm 2 «K&±-C*6*3\ 

PITCUK»%iteR'^0 n roBkfc*. <I<?>k£. 
ffigcoHMil Orpm ISLhT»*£k*a*L^. HI 

ttaEH^JdWi^*^ aftliXS&lOffit 30 

±1 2 Orpin SSk^. 

[0097] mmtmmm;. m^mtxr-- 

0-850-C. iO»*L<«6 5 0~8 0 0'CT. # 
4Klil»Bh-30m J:9#*L<tt5~l 5# 
Bff3.!l««*»K*T--/H-6k. (100)E 
itja^iMlfc 1 ) (10 0) IMOTWatfitfcLfc 1 )-*-* 

HW=W±t*. MFM I SflJil^MF I Sfltit • 

1 0 0 9 8 ] at. mmmm<m&w&mm*m 
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[0099] S4,fc**ftt:l3^TMBE«{ftfflV^ 
[0100] CLhTIi, aWWOBMBft****^*^ 

*JStot«rv»PT*8fK\ PZT&tm&kXi.Sffl 
B i 5MIMB1«llRt*»3WB'P* S . B i $ttft$£IR£ 

xmumm+^x-h ^ p b 

Oii»igi£ B i 2 O3 tlZk THlBfcWt 

T-t&ik'fcflBSl/C^?.. Bi^O^t, BitfS. 

[0101] <RUBi*««SI6r«>**=> #& B J<7>K 

[oio2]^^aaa 

K^ffiMSrS^ktffififcUv HTfc. 

&m&z^xw%?%>.> 

[0103] m$mwmm.?mizmhmmm*. 

^^^HflBficO*^^ Y)V<T>±% S * a . b kfS 
[ 0 1 0 4 3 S i aHtLhtaSflSftfBRiit^^^* A' 

■9S i^^ffi*^ *«»fii«afli«*> mzitm 

[0105] t36»L. iWMfcSftfcSi (100)«« 
!Btt,«*r4J:5K- lx24«±2xi«5ti:=S: 
Si (111) <0%m\i. 7X74W42X8HB1 

>y i'* * to«^^@SJ&k tt-> X Li 

[0106] a*:. wit^<o^Mfc;Sixfcs i *ffll±. 
o ( 7 o omt) tra. »S+oSSXfx. k 
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X,fc*S i*ffl£fMH-ft£S4«fc*. 

[0107] z<oio^zt^t>. s i m^miz. 

CO l 08] znlr&xte. mtfiUMtZtit: 
S i #ifo&SlKfc . 0 1 fciS-*-* /Wfc-fe -y h LT*£ 
H+fcSBU Mtt#xfcgALooJn»LT. £K 

shc s i mmmmm- s . iHtttxr* t ltj±. 

WIW. SSteJHwcfc in. S iKftWtli, S 

«SBf£?H»!L fSft«r4f*»fe«»f 4fc*«t<0Tft 
4. Si«fl5fcl4>JSStt. 0. 2-1 OmWS.h'th 

zttf#tL\,\ mztfo. 2™*srea*fc. sim 

Wcr)&mtfT^k%&frt>X'$>&. ±M* 1 Onmfc t 

[0109] JJEOftjlMi, 3 0 0~7 0 OICO&S 
fc. 0~10#|gg£&#l,TfT3. .I<9fc§. 

0 . #&£g#»-*-#'fc ■)■*-* fc . S i ltffc«lcDjej£ 
#fr*fc. SiiWBBrt»«JJ<*"3-*-?TLi5. 

[oiioi ■wfctfcy^^sixtt. wtaiwfcttjy^i 

ixwmm^&mz. M^mftz^mix 1 o- 7 ~i 

x l 0-*TonmBE<wegfcL. HMHfe«f^««IAti 
•9 . 4-&< fc tfflSBfifiSO»HSl+<0SaB»Ea f 1 x 1 

0" 4 ~ 1 x 1 O-'Torrfc&l, J: 3 fcLTf? 3 ZkffMt 

[01113 JJEIfitt, Hffi+TirtW* . SS^ffl 
<0S i fSAU. S ilMiJf fcj: ij«a$*i'0*4*> 
"C. «9^-C*6*ft3WRfc»BL , CS i CjWB** 
*l4*ff«f»tt*JteL*V^ imBJ&li. 6 0 0-1 
2 0 0'C. **fc7 0 0~l 1 0 0°Cb?&lbtfft£l 
K\ 6 0 0X*«"C»4 fc . S i Jtfl&A&KftSfc 1 x 
lHObWtfcfl&K 1 20 0-Cfcj@;c.3>fc. Siffcffc; 
4M£J: 4 s i eft*>«ftP-Hmtfr< Kt 0 . S i # 
*Sfi^«0teatt*«SUvC Ltd.. 

[0 112] ft^T'. Z rfcjtf®fbt±;tfxa\ Zr, 
^±«7clS ( S c £ «fctfYfc£tt) 41 iWWfclby^ 

Wie?J^LfcS iSftJftJifcJlTcU H*«£fc 
fc&& . H"*fc»fiU:S i te^ffifcZ rfiilfiK 
fit. ifcttZr. ?6±Ji7c^fc < ^:wmtJ: , ), lxi 

[01 13]*ffifl6tii. RHEEDfcJ:***)/**- 

yx-fflK&zbtfxtz. mttis m i^mmx'bz 
i x i mmffimwi&s. «m*Jtfrfi# [no] 

Xm 1 7 ( a ) CSft-J: 3=flr 1 fSOTC 1 <Q%£%A h 
y-^v-yt**). AlWftfc [l-10]fcl/C 
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t^<Ht^-vt4r&. Si*Bflffl»Siii 

a. fc k m ( i b o ) prow* 1 x 2 *fcji2 x 1 r 

1 X2fc2x lfcj&*«aEi/a>4*SW»fcfr 
6. J; 5 RHEEDsw-yji. « 
^^Alt^l*) [110] itzlt [1-10] wfti 
*\ ifcttiWrc. Ei7 (b) fc^tJo&ifgjgas 
Cifc2teJ3JWC2fc£J^K*-->'fci3:£. lx i«o 
£ffiHBtfci3Vva±. JhKRHEEDOA^-y-c* 
T. ASttfiauft* [1 1 0] iJitf [ 1 - 1 0 ] ffMU 
10 T. 2#ja«C2a*&6#l$rl-\ 

[01 14] Si ( 100) jf^Stlxlffl 

fifc. UpU lxifc^^i^MT-iM. 
fcSSitt J: < 1 x 1 5: S i jKMSTft* i fc U. WfcX 
fcPFnTlgT'fcS. 1X2. 2X1. lxn»ffitf)ie 

<7)%rsx$)~>xi>, s i?»^B<±^+. ©?i-e^^? 

TS i CiW»)ftS*iTs aHRftlB^ISJbWMiW^ 
[01 1 5] Zr. ifcttZrftitfftddWaBi. i 
20 /i/»fcgHbtt9BM+7X»LTlMSIIillfc»j£ tfc t 

*<T)imifi0. 3~10nm. #fc3~7nnS«fci:S «k 

OfttetftfO. 3nn*jS-C«i. S i KttCO^TC^Xft* 
36*+jM=*»trS-r. 1 Orimfcai^fc^MfcH^U^ 

fcio ix urmx%<%&ztm%. msiMit 
mm<r>mzn±m<ottt£ L^afc 1 onmt Lfcs*a. 

lOnmtfiiifc, ±£<7)i-3lC^JSfc^tTt,S i 

30 k«i fc+#toi7c-c£&< 'flri'rifitt*^ < s*> 

[0116] Wc/MXt LTlMS*fflV^«^l4. 2 

[0 1 171 *ISBWHg)«lt 

- 9 3 0 2 4^tt>V^taaELfc*i6-p 

40 ^-f^rfc^tf^L^. 

[0118] mmmffimzfotz^xte. t-t . s^fcjn 

«IWfcfe«t*tt!MWBiMl;^l'3-'7Afl!) 

*S^(k«Ofc«fc4 0 0X:fiLh-C-S.4<Ifc3!> { aiL<. 7 

5 oxM±.xt>tim§kmzmitz®mt>ti, mz% 

* £ fc iWa Lu. =5rfc . JHtAgHR^MftaUC^UH 

jj. lsooxsarcft*. 

[ 0 1 1 9 ] 3ct vC s Z r Jtft'-AftMLII 

8*. S«lSffitffi*&"rSfc*t. BMfctbjrxfiJ:^ 
50 S(=iStf&±«7C^fcStS^ffifctt^LT. IWb^>3 
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05-1. 0 0nm/s, J:9#£L<»i0. 100~0. 

5 o ona/st-rs . Bgm&imr&i tmmmz- 

[ o 1 2 o ] iHMStfxtfaHL -e^t&fi. a 
[0121] ®fci;iisa-vj*mmn±m±mm. 

fc»«3ilfc k^CZr 05«&£f?it L „ SdtSfclKf 
[0122]iKQW 

+IWiLbt«*irF«!MHk LT B a T i Os R«» 

[01231 MHRARft. il^ J:tf»fl!tt#*<0 

ft. ttttltt. Ba : Ti = l : 1 fc&ft <£ 5 ttfti 

WBa/Ti^&MJtli. BaTiOs ROSlftftteg 
S£S.frf. BaTiOs R. *ra^Ji (Zn-x Rx 
O2- 5 ) H *VS i (10 0) S^^^fl^* 1 . 
m£Lfc#aU*WGL BaTiOa (00 

1)//Zri-, Ri Ch-S (001) //Si (10 
OK rtoBaTiOs [100]//Zri-, R* 0 2 - 
8 [100] //Si [0 10] fc&ftj:dtrrftfc#>£ 
tt s BaTiOs ^M^tia{tl.Jii^ia*(i8 0 0~i 
3 0 0*C, ff£ L<\Z9Q 0 — 1 2 0 0°Cj!>*SI4 U\, 
j£A«OBa/Tift|&:ftifcfi, 1~0, #4 
L<ttl~0. ak+iZtim.tL».?%:toli>.& 
mWcfiTiSflt-fftifc^mL^. 4*J. Ba 

/t i mkMa&oT&ibit, i&mmatT 1 <?>?>■ 

* 0 . *g»iaffi*<tttyfc 0 . s»b a/ 

t i it*qi«jt^*»->t o-r ft t , m&ztih B a T i 

Os H^BWfc-rft (001) i2[&rt'li&< (110) 
Efflfc&fta*. 4fcl4 (001) KfiB aT i Os R£ 
(110) EianSft**a4UT L4 0 . JfcH»cJ;L 

flBftStUtB as9«Ta6tf)iMty^3=^ijSilBk»fi 
IT, BKWEfofcSTtftBaTiOs *«t»&*UC< 
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I *fitlflllCT i StJfc-tft^fi. Bat jRfcS^n 
->7 A b tf5KJ6*a»t ft fc#>T'& ft . £15 . £ i T'V * 3 
J&SWfcli, »f*«liii«BtHTr*ft«B!rtr* 

ft. 

[0124] im^mfmmnfswmx. Kfttt 

fc H«"C* ft . 

[0125] *ffimmm®mmm<nhmz&im 

10 tt. JjBLfcgtMttilROV&fcl^lltt:. ta£#OK£ 

s^>fc«ar?*ft. jJESttfctjviTMB'EgHfcJrivi 

Tt. ^HaHcL-CBWfc-rftSRfcfW^i:**?* 

ft. 

[0 126]HffiZiiS!i 
AK^^flWWftiB*. IWfc J: fc*«»4 
20 U*. 3Bfl$<D£«iSJKfcL 5 0 0-7 5 0°Ct-tftC: 

tmtu\ msaswtetx ft t . e*tt»av ^& 
, sm*i«aw-r £*ft kB^iBwiafl*** 

3^l£^L&^RfT5X?£gA^ft.rfcJ;:J: , ), $ 

i.ar p tantfcvvc. (001) Bifti+t (in) 

[ 0 1 2 7 ] I n%1ttsfflm£tlimW&'<n7 , X*t 
4 MMHW»fefl»trft*&. ±ELfc!tiW#}IR* 

30 teiittTOif li^j£#i££f OM-fft i t ##4 L < . 
-Wflfi. RJEtt^^ffi^x^-y^SS-fJffl-fft-t 
tt'ift. 

[Q128] aaWBlK 

[0129] 

[Hifi«|] HT. *W»^fW9StttMt*L. 
tSfetaSBfcKWft. 

[0130] <HJfif?J 1 >«H# ( 1 0 0 ) fflfc^rft J: 
40 -5 tflWr, MEW®L7tm*S H H H M g OR« ( BS2-f V 
f-) «afflt. S^atcJ: 0 P t (001) E^2:^ 

[0 1 3 1 ] X^lfrttcgHrS^liie^J:^ 

fpJfyrtJ: "9K^»5r 1 0-«Torr4Tt»«'Lfc. 
[0 1 32] ^^T', SS*6 0 0"CfcMiL^ 2 0rp 
id T-HIIs$^. -f-l/t. ECR&R£U»6?£/*JI'1E 
1 0cc/^c0SiI^-cmL, *RhtPbO. 
50 TiO, (x=l. 67) &i;tfGd$:*tl?tl(V%3k 
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WfrbmkZ-t&ZbtZX')* ffiUP3 0 0nm<7>Pb-G 
d-Ti«6»ft*K (PGTHJB) ***Lfc. jK% 
iSfrttfJffi&tt. PbO : Gd : TiO, O^l/tfctf 
2:0. 1 : lfcfciJdfcMflLfctffefTofc. 

E(Pb/Ti) =2. 0. 

fcU:. 

[0133] mztifzPGTBmm&i&%xm 

(Pb+Gd) /Ti = l. 02. 
Pb/ (Pb+Gd) =0. 90 

F(Pb/Ti) =0. 92. 

E(Pb/Ti) /F(Pb/Ii) =2. 2 

[0 134] ^WPGTIItoOt. RHEEDtJ: 
SfMifclTofc. @2fc, d(7)PGTiIORHEED 

OgfcO [110] Uftt Lfz. Z<Vt£%frt>bfr&£ 

fcbfc-vtl 0*»Bf, J I S B06 1 OtiS+jST 
i^BJRz (*p*£L: 5 0 0nm) $»gU:i:£ 
Wt'6. 3nm, «*-C9. Onm. ft/Jvt'l. 3nm 

[0 13 5] <SQtM2>«iif^ ( 1 0 0) fflt^SJ: 

cm) frSfifciHvvfc. ItEBflgL 

fc*IW{i. 4 0%7 MtTV^-^A#^(CJ:')x-7 

ItZrOi ftR (cfi|3HK) . B a T i O3 Wffik (tt 

fc. «IRttXKIiWffiJ:tfRHEEDlc.l: 9iF 

[01 36] 41\ JK2ttrtfcKK£*ifcD9K*iJ:tttll 

ff&l 0-6TorrjfC«ifcKyT^,J:0^U^, £ 
«£2 Orpm -CEC**. ft**^**^ 5cc/# 
«i!K&-C«RSrafffifit=»AL->o. 6 0 0-CtiDp^L 
fc. £fifcJ:»h «Sftlni»Si||MMW*»J*L 

[0137] 9 0 OlCtcMRHgiSStf 

m/fx*2 5cc/'iMm&vm\i*#i9, z r £igf& 
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[ 0 1 3 8 ] <wc ^?a«9 0 o*c, o 

rpm , yX/l*A>&K£#X£2 5cc/#^J^mL 

tzmx-z r tmamipbmti - 1 k <t o . i 

[0139] xMnffottft. c^z r o 2 mmx-u 
10 ( 0 0 D ssttfotr- 2? mtmt) 6<i. * fc . ( o o 
2) ^^n^y^-TW^ffllfio. 7* r* 
0 . «*tcfcv Attoircft & i fc ** 

i?*»?fc. (002) e-^ttSB*:**** S 
i (200) tf-^tfi^oT^it* 4 . JJE^fflBiS 

1 (200) K-^«r*trfTt*4 . 

[0 140] ^<03ffi(COV>TRHEEDS!l^' 

20 izttmmx^fz. zwmmiz^ximtmmtR 

zZSBfeLtlkZZ. T^TO. 8 0nm» ftfcTl. 0 
0 nm N ft/ht 0.08 nmt'J> 0 . ft=F\"<JVX'y-mX'b 

[ 0 1 4 1 ] frfc, Z r O2 HBSiOgi) 0 fcSe^^ 

*ttfc*Htti:jW»6*ifc. ZrOj «K*>,ktf 
YfcJ: OSCJgftLfclWk^a-^A ( Y S Z ) SJito 

zro 2 mmiYszmm<v5 
fem&m^L, t&mizm&zkimmztitz. 
30 [oi42] mz. a«iSJg9 0 0X:, ««niesc2o 

rpm . yX^*^S*^X$-2 5cc/^fJ^T^AL 
fc*BIT?B a fc T i t £ 1 : 1 0)H&?9l6K&d>&fttt 
-rS^fctiO. ^J15 0n«K7)BaTiO3 SiJZr 

0 2 HBLtfcHWEU ffiSttTtt^KfcLfc. 
[0143]>Ic7)BaTiO3 fSKtoV^T X^HlJffS: 

ffofcfcii. (00L) tr-^!tWia6^il. 4 
ft, (00 2) raHOo-y^y^-r^fflBil. 
4 * X'fo 0 . (001) *-E|plT^iafitt<0KTi>* 

zttmux^tz. 

40 [0144] ;<50^K$-RHEEDa!l^L^i:<I^, EI 

[0 145] S i&& Zr0 2 OlteJl^BaTiO 

XttllWOlijfe6»/5.. BaTi0 3 (001)//ZrO 
2 (00 1 ) //S i ( 1 00) X'b&Z.b.tfbfrit:. 
4HWKC0VYT*>RHEEDj»E*, «i^c7)A 

UTtT-jfctt*. ^^i^RHEEDsa 

SH, BaTiOa [100]//ZrO 2 [100] 
50 //Si [0 10] X'fo&Zttmi&X'Ztz. 
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coi4 6] mz, mmmitmm^Lx. §W3oo 

nm(9PGT?g||S£ffML£. 

[0147] MJ$.Ztlt:PGTmJ&<?>mi$.ZWtX®ft 

(Pb+Gd) /Ti =1. 01. 
Pb/ (Pb+Gd) =0. 89 

xh->tz. z<r>mx-\i 

F(Pb/ii) =0. 90. 

EtPb/ii) /F(pb/ii) —2. 2 
[0 148] icOPGT^tCO^T. RHEEDti 
[014 9] 03(lClsO9ffi«ORHEED-'^-ySr* 

-t. .isofc^om^soAit^i- s iwm [ 1 1 

0 ] Ifrfti: L£. £c9«&a>t>*>rfp.g>J:oK. RHEE 

DM^-^ii i- v-ixhhw-vxh 

^v-r/HlTiS^fc^ilig-C^Jt. 4fc. Mitnm 
IzLXRzZMfcltltZb. ¥%t'3. Onm. g±T 
7. 5nm. ft/KCO. gnmfcTOT&^it. 
[0 150] £OPGT?fBI^M£. ptn^m&L 
TMF I SflSjgfcU:. ZKZjda&iZH^XlSO'C 

ti o#ht^-;h,£&, s««6i^-s a 

4£*rf. H4£^Sft&,>.-5fc:. hXf'J^tt*' 
#£>frO^,, h^r'Jx^ilSJi^O. 8V X'hit:. 

act, £»i«e£Wjhu aaw^rawtFEToy- 

3. o. 7v wty)-f yF^a^fu 

* 'J Urffr^TltgS ^. PG TftKOSWU 2 0 0 S 

«ts> o . sato pzn zemmw&aw i o o o 
eBtcftswfcst^s^T. mf i s^js^^-rs 

[oi5i] <sat«3>sat«i2 ^stJMSAs is 

tLhfc, ZrOz fR(ifiBiR) . BaTiOs gR 
(«l*ttT»filK) . PtSBR (mKtTmttL) *5«t 

v^mmmm. zcnrnx-mmu^ 

[0 1 52] ZrOj ^^fcJ:^BaTi03 

[ 0 1 5 3 ] a»vC, BaTiOs SNR££9(3r?£ 
ffi££ 7 0 0°CCM*L. *£H«£K.J; 9®W1 0 0 
imWPtSMfcJBiftU:. Pt»»e)»jSCIBLTtt. 

pt (in) <7)m,m<yztbiz. mmtfxzscc/ 

MS^fAL'J^ 1 0 0W OR f ryX-?m 

[0 1 54] .icDifffitCowt, XSHUtfrfc J: tm HE 
EDfci 9SHB&fT-»fc!lSS. (001) #-i2|S]C0X 



[0155] mz. mmmi tmmzix . ji§3oo 

ntf>PGT»K£»JftU:. 
[0156] JBKS*W:PGTW»0»fi«ra3eXK» 

(Pb + Gd) /Ti = 1 . 07. 
Pb/ (Pb+Gd) =0. 90 

F(Pb/ii) =0. 96. 
10 fc£6«0T\ 

E(Pb/Ii) /F(Pb/Ii) =2. 1 

[0 157] £<0PGTiWRlCOVv^ 3dfe0«2 fcPHi 
CLTRHEEDM^ot. #£*ufcRHEEDrC 
^-y5rH5(3^T. CcOPGTSMOXJgUI^ 
05r. 06£^-f. 06t1i. PGTO^D^^fh 

(ooi) #^fi«xe?*i^;w«r&i><Lfc#ii 

20 UZtltz. 

[01581&IC. ±£t|BItttLTSiSS±tZr 
Oz UK. BaTiOs SWSitfP t SRSWiLfc 

EcPb/Tii /F(Pb/ii) =1. 9—2. 2 

(PGTS) Sr^Lfc,, =5rfc. Slfctt* _t 
ELfcPGTflRSIrt-SlJ-yr^fcBBLt:**. 4 

t Lx+9yw& ( pt) SRfcSTiiffrji'fcfl* 

U:. 4fc. ^KfciSlfclR^dfciOC. UteWlT 

fflofc^R {Mgo±(cp t (ooi) m\mttt& 
mi) ±fcPTa«4«iLa«aiiiPT (plt) mm 

[0159] XtSBSftJ: o . *wny->7)is<mtm 

ffigmi^vyxilJ htk&X'S)*). WTMo. 14 
(PPT»«) X'lZ (00 1)E|6|4: ( 1 0 0 ) Wfob 

40 ififflELxa*) . ftw^fifiWyr^Ta < o o l ) * 
-Hfflrfcs^i: 4fc. *w?fryT)\, 

Xh-itz. Liztf^X. U-yTVWfo. 14^iM{*^E 
(001) (100) ffilSlfc^aftL-Cli 

[0160] -tyr^No. 2 ( PPTII) 
SMORH E E D^-yfc itlf XtSHSfll^-etL-fil 

50 H7tJi^ai ot. -tyr/mo. 7(pttsH)o 
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33 



34 



5WW*IMW>RHEE D-»t^-y*J Atf XHBttfBI* 

•!-ii-?ix08fc < J:l>12l lie. -tVTVWo. 8(PDT 

ant) ©s^fwiwoRHEEb/^-yfeitfxii 

0J)T0£<?-*l<?-'ft09fcJ:tf0l 2fcw*. 
[ o i 6 1 ] 4fc . -y-yr^No. 2 ( P PTfflK) 
m+£fcvvf7 5 oxm 0#H 7--/PU:&?>XSg 
®ifrH£ .013 12 1 0 1 H 1 3 fctf>JttM>> 

^. 7--;W=J: 0 ( 1 0 0 ) EiffliAd<tf«Lfc£fc 

[0162] m yr^mmmm mtm^ o . i i 

miii<£<7)PtfS&£^j£U *§tt>K*H>T 7 5 O'CTl 
04HBT--;H,fca» IWttTHBIMT** P t «R 

*»&'J-KM*>)iHl/C. D-Eb^r'J^XS:RT6 
6 A (7xTyhr^yDi/-aS) tciOSBIStJt. * 



o. 2 (PPT5SJBS) „ ^yT/Uto. 6 (PGT& 
K) , V>7Mo. 7 (PTT&H) coh^r'J^* 
-7** -WWlHl 4. 15.1 6fcflrr. £ 
■*iTy|*>BWMMWP r . fitm^ (tffifcRfelBE) E 

&m¥f&Z. 10 6 EHMW3l6fc< OBLfcfltfv^f 
10 7X0V T^aMPri fc, lOW^fiMPro fc<?) 
it (Pn /Pro ) TftLfc. fllKiCJt^ 

[0 163] 
[«1] 



t?7» 



OPb+JtoJAi fVCFb+Rn) 
<tA it) tt» ft) 



(Doa) 



2Ec(V) 



2ft* 



*&93ffl (Si SIS) 



X 


PLT 


La 


1.03 


0.89 


2.02X10 11 


2.9 


29 


72 


2 


PFT 


Pr 


l.OO 


0.92 


1.01X10 11 


2.8 


30 


75 


3 


m 


Nd 


LOS 


0.88 


5.25X10 10 


3.3 


49 . 


60 


4 


PUT 


Sn 


1.05 


0.S1 


1.43X10 11 


4 -l. 


48 


63 


5 


PET 


En 


1.13 


0.91 


1.40*10" 


4.9 


59 


65 


B 


PGT 


Gd 


1.07 


0.90 


6.56X10 10 


4.2 


41 


70 


7 


FIT 


Tb 


1.02 


0.91 


8.57X10 10 


3.7 


23 


80 


8 


PUT 


Dy 


1.15 


0.88 


1. 70X10" 


2.7 


8.6 


80 


9 


PKT 


Ho 


1.03 


0.91 


3.48x10'° 


3.9 


28 


79 


10 


PErT 


Er 


1.15 


0.87 


8.50X10 10 


2.7 


G.a 


90 


11 


PYbT 


Yb 


1.11 


0.90 


3.03X10 10 


i.a 


3.0 


90 


12 


pvr 


Y 


1.11 


0.86 


9.32X10'° 


2.5 


8.5- 


90 


13 


ppcr 


Pr.Gd 


l.OB 


0.90 


1.02X10" 


2.8 


31 


78 


14 


PPT 


Pr 


1.02 


0.96 


3.86x10'° 


4.4 


57.8 


62 


15 


PPT 


Pr 


1.06 


0.83 


6.49x10" 


0.9 


4.5 


78 


wm (si mi) 














16 


FT 




1.06 


1.0 


1.99X10" 


6.2 


60 


45 





















itm (Mgostso 
l? pr & 

li HI Lb 



1.01 1.0 'J— * fflgXte 

1.03 0.89 fflSPFSt StSffiS 81S*fl6 



[ 0 1 6 4 ] * 1 frhWbfrKX o fc» mfecr>%±ffii 
MgO»R±fc:LafeaaiDLfc!WWfMIW*«i« 

[oi65] ft i izTFtimmoprmfe (v>7m *so 



*o. 16) ottlWi 5 1 0 Tft -5 tziiK ft 1 (c^-f* 

mfty7A*mfcmutotonmi 1 9 6-6 2 6 

1 0 1 6 6 ] fcfc. SCBSiWBti LT I r MRfciW) 
[0 167] fpmi^blXZrOz »Rfc*± 



(19) 



10-17394 



3 5 



3 6 



[0 1 68] ifc. JJSWWTfl*UfcfH*J^£, 
CO 1 69] 

ttaflfctffcj&Bi-iifcar**. »t. mf i s 
«j§^>mfm i s«ia*^*y-MB*iwitt**'J io 
AFM»oro-^(cj:i3K<»tff3WIII*ffifc 

[0170] *w»r«Ba*ffitt. fgix^^^m^^tt 
aaws^KGJBJbfflrca* s i ««J:t:fw=riB 

[0ffiOfg#3riliHJ§] 20 

[Hi i tmmMm&MBiimzmvhtii 

[02] m^m^^rmmm^nx^x. u s o 
(ioo) fflEicwjRL/sp t (ooi) mm±£ 

»J«L;fcPGTiWt*>RHEED^-y-C**. 

HfltfJttffett. m g o [ i o o ] arrtrc** . 
[Ea3]»JM«ttjRtBnBftW9K-r*o-C. BaT 
iOs (001)/ZrO 2 (001)/Si(10 
0) flBthfc^LfcPGTmiWRHEED^-y 
Tft*. ASt^ffite. Si [110] 30 

4. 

[04 ] PGT»iWfKIKSfflV^JtMF I SfifitOC 

[a5 3»flflBtfe^rEniiftW5*-e*oT. pt 

(00 1)/ BaTiOa (001)/ZrOi (0 

0 i > /s i (ioo) «a«±t»jsLfePGTaw 

1 [i io] *israbs. 

[06] Pt (00 1 ) / BaTiOs (001)/ 
ZrOz (001) /Si ( 100)«HBW±IC»J«L 40 

P G T*H*> X HEAT'S) 3> . 
[H7]|*JM«ft*"*tHiBftffi9KT»->T, Pt 
(00 1)/ BaTiOs (OOD/ZrOi (0 

0 1 ) /S i (10 0) flBftO±t»jRLfeP PTIW 
ORHEEDA*-V-C*«. AlWTWi. S 

1 [1 10]*H-C*4. 

[H8] tS*flBt**tHSiftffi*KT»->Ts Pt 



(001)/ BaTiOs (00 1)/ZrO 2 (0 

0 1 ) /S i (10 0) rat0D±lC»jSLfcPTTffR 
ORHEED/t*-*r*S. JTHBfltfJttflftlli. S 

1 [110]*|ftrC&6. 

(001)/ BaTiOs (OOD/ZrOj (0 

0 1 ) /S i (100) «Bft0>±fc:»|«l,fcPDTSHI 
tfDRHEEDA^-ye&S. «flW>7J**-|»lli, S 

1 [i i o] *rtrc&*. 

[01 0] Pt (001)/ BaTiOs (001) 
/ZrOi (001) /Si (100) flBft*>±££A 
Lfc P P T»»OX*|l!»ffitC» & . 

[01 1 ] Pt (00 1 ) / BaTiOs (001) 
/ZrOz (00 1) /Si ( 1 0 0 ) «je«±WBK 

p TTfMRwxaiiisfB?* s . 

[01 2] Pt (00 1 ) / BaTiOs (001) 
/ZrOi (001) /Si (100) «Ht*>±WBlK 

ut p d Ta»*>x wgjfB-c* s . 

[01 3 ] 01 OOP PTmm<?)T-->Hk?)XW.®Vr 
0-C'fcS . 

[014] Pt (00 1 ) / BaTiOs (001) 
/ZrOi (00 1) /Si ( 1 0 0 ) *HM>±W0« 
Lfc P P T5S&OD -EbXf'J 5" J*«tt?* 2> . 

[01 5] Pt (00 1 ) / BaTiOs (001) 
/ZrOi (00 1 ) /S i ( 1 00) «t«±CWJ* 
UfcPGTHK^D-EtX'f'.yS/AWtTfti. 

[01 6] Pt (00 1 ) / BaTiOs (001) 
/Z r Oz (001) /Si (100) Mtt*>J:fcJ0K 
Life P TT?Iffi?<DD -EtXf'J ^^!»ttTft h . 

[017] (a) lil XlOSfflflBtORHEED^ 
-y^-r^HT'iO. (b)B2XK 
V^iiJl^iS&fr^S^WRHEED/^-yS: 

1 i»ga 

la j&ff 

2 2g 

3 #/w 

4 men 

5 

6 t-? 

7 ifcffc1i#x«teSIB 

8 igfttt#X«i£P 

9 PbO}£iffc& 

10 TiO. JGftV 

l.i %±m$m%® 
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[HI] [02] 




[03] [053 




WEST 
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[04] 




[08] 



[06] 



1 



3a.ee 



PCTC002J 



Pt(002) 



4B.B8 
2 8 



5a. ge 

CuKa 



.93 53,08 




[07] 



40 



[1214] 
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[H9] 



[01 5] 






[01 1] 



is. 





PTT(DOl) 




HiOQZ) 










u 




PTT(002) 










J 








la oin 


da mi 


v . 





2© CuKa 



WEST 
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[HI 2] 



m\7] 




(a) 



58. EB 
CuKo 



[01 3] 



is. ra 





. PPT(iao) 




Pt (002) 




pptcooiH 




PPT(OCJ) 


j 














L ■ 





30.08 



40.08 

2 6 



58.80 6a.ee 

CuKa 



ES.BB 



(b) 






WEST 



